Introduction
Tuberculosis has received heightened attention in the past two decades owing to its dramatic resurgence as a major public health threat in many low-income countries. South Africa is experiencing one of the worst tuberculosis epidemics globally, with KwaZulu-Natal having the highest number of tuberculosis cases in the country. 1 In 2009, the eleventh highest number of reported cases of tuberculosis (all types) in the country (over 1 000 cases per 100 000 population) were reported from uMgungundlovu Health District. 1 Although the annual tuberculosis cure rate in this district has improved from just over 60% in 2009 1 to almost 77% in 2010, 2 it is still below the national target of 80%.
Health system-related factors that can affect tuberculosis outcomes, such as staff shortages, medicine stockouts and long waiting times at clinics, occur frequently in many healthcare facilities in the province. Equally, patient-related factors, such as the cost of accessing the clinic and adhering to treatment, may affect tuberculosis outcomes. 3 Therefore, the high burden of tuberculosis in uMgungundlovu Health District and poor tuberculosis outcomes warranted further investigation to establish patient-related and socio-economic factors that contribute to this problem in uMgungundlovu Health District in KwaZulu-Natal.
Method
A retrospective case-control study design was used. uMgungundlovu Health District is the second largest health district in KwaZulu-Natal with a population of just over one million. 4 Multi-stage sampling was used to select study participants. There are 42 clinics in the district, categorised as urban, semi-urban and rural. Based on the population served by these clinics, a random sample of 15 clinics was chosen. The second stage of sampling was a probability (proportional to size) consecutive selection of cases and controls who should have completed their six-month course of tuberculosis treatment from March 2010 to December 2010. Cases were defined as patients with new smear positive-pulmonary tuberculosis, who interrupted or defaulted on their treatment during this period, and who returned to or were brought back to the clinic as a result of being tracked by tuberculosis defaulter tracing teams.
Controls were patients with new smear-positive pulmonary tuberculosis, who had completed six months of therapy during the study period, and who were sputum smear-negative (cured). The cases were the first 300 patients who had defaulted, were successfully traced at the time when their treatment period should have finished, and who returned to the clinic. More than 80% of surviving defaulters returned to the clinic. Controls comprised the first 300 patients to have successfully completed six months of treatment, and were interviewed during their final visit to the clinic. Controls were not matched to cases. A sample of 300 cases and 300 controls was determined based on the number of patients registered on the tuberculosis registers in the 15 selected clinics at the beginning of the study (3 913 patients), the tuberculosis cure rate in the district, and a minimum detectable odds ratio (OR) of 1.5 and power of 80%. Adult patients aged 18 years and older were included.
KwaZulu-Natal has a high burden of tuberculosis disease, and is currently not meeting national and international treatment outcome targets. The aim of this study was to investigate patient-related and socio-economic factors that affect treatment adherence in patients on tuberculosis treatment in uMgungundlovu Health District. A case-control study design was used. Three hundred cases (treatment interruption) and 300 controls (treatment completed) were interviewed by trained fieldworkers using a structured questionnaire. In bivariate analysis, lack of education, unemployment and other socio-economic indicators (low income, type of housing, sanitation and residential area) were associated with an increased risk of treatment interruption. Personal factors [smoking, drug and alcohol use, human immunodeficiency virus (HIV) co-infection and perceived severity of illness] were also risk factors for treatment interruption. In multivariate analysis, distance from the clinic was significantly associated with treatment interruption [adjusted odds ratio (OR) 1.3, 95% confidence interval (CI): 1.3-1.6, p-value < 0.005)], as well as residing in a rural area (adjusted OR 14, 95% CI: 1.1-18, p-value < 0.005). Patients co-infected with HIV were twice as likely to interrupt treatment (adjusted OR 2.3, 95% CI: 1.1-4.7, p-value < 0.005), and feeling very or fairly ill during tuberculosis treatment was also significantly associated with treatment interruption (adjusted OR 5.0, 95% CI: 2.1-11.9, p-value < 0.005). The results highlight the complex interaction between personal and socio-economic risk factors for treatment interruption. A detailed structured questionnaire that had been piloted for content and face validity was administered to patients by trained fieldworkers. Most questions required a dichotomous response, but where necessary, additional multiple-choice questions were used to clarify the initial response. Numerous questions were linked to each of the broad-content areas.
The patients were interrogated on access to a healthcare facility (distance travelled and cost of transport); perceived quality of care received; directly observed therapy (DOT) support (DOT supporter and frequency of DOT support); knowledge of tuberculosis, tuberculosis symptoms and treatment; and socio-economic status and demographics, including, age, gender, level of education, income, employment status, type of residence, the number of people living in the household and access to water and sanitation.
Residential area was dichotomised as rural or urban (township or suburb). In addition, self-reported responses to questions included whether or not the patient went to bed hungry, and used alcohol and drugs.
Data on human immunodeficiency virus (HIV) status, antiretroviral therapy (ART), co-morbidities, adherence to tuberculosis treatment, whether or not the patient felt ill while on tuberculosis treatment, and perceived stigma were self-reported. Sputum microscopy results and the diagnosis of multidrug-resistant tuberculosis (MDR-TB) were obtained from the tuberculosis registers.
Data was entered into SPSS ® (PASW ® Statistics 18) for analysis. Bivariate and multivariate analyses were conducted. Bivariate analyses were performed to test associations between tuberculosis outcomes and socio-demographic and other independent variables, using the appropriate chi-square test. Multivariate analysis was performed to test the confounding effect of exposure variables, using cured/not cured of tuberculosis as the dependent variable. Standard logistic regression models were used. After 10 steps, the variables remaining in the model were unemployment, distance from home to the clinic, living in a rural area, living with HIV, and being very ill during tuberculosis therapy.
The significance level was set at p-value < 0.05 and 95% confidence intervals (CIs) were calculated. Adjusted ORs are reported. The Mann-Whitney U test was used to analyse quantitative variables which were not normally distributed (distance from home to clinic and taxi fare).
Permission to conduct the research was obtained from the KwaZulu-Natal Department of Health and uMgungundlovu Health District manager. Ethical approval was obtained from the University of KwaZulu-Natal Biomedical Research Ethics Committee (BF 112/09). Written informed consent was obtained from participants.
Results
There was an almost-equal representation of males and females among the cases and controls (Table I) . Although the proportion of males with treatment interruption was higher, this was not statistically significant.
Almost two thirds (60%) of patients were younger than 30 years of age, both in the cases and controls.
A significantly higher proportion of cases had no education (18%) and were unemployed (91%) than controls (5% and 30%, respectively).
Similarly, most cases (91%) earned less than R1 000 per month, compared to less than a third of controls (30%). The only reported source of income for cases was temporary disability grants (social pensions).
In accordance with employment status and income, a significantly *: The total number in the cells for the variables marked with an asterisk do not add to 300 due to missing data higher proportion of cases (85%) reported going to bed hungry at least three times per week than controls (26%) (p-value < 0.05). The median number of household members for cases was 18, compared to eight for controls.
More cases (60%) lived in rural areas than controls (35%). Sources of water differed significantly between cases and controls, with only 16% of cases having access to piped water, compared to 39% of controls. Although the majority of cases (98%) and controls (84%) used pit toilets for sanitation, and the availability of flushed toilets was low in both groups, with only 2% of cases and 16% of controls having flushed toilets, the difference in access to improved sanitation between the two groups was statistically significant (p-value < 0.05).
Smoking, alcohol and illicit drug use were significantly associated with treatment interruption, with a higher prevalence of each of the risk factors in cases (25%, 29% and 13%, respectively) than in controls (17%, 22% and 0.3%, respectively). The proportion of patients with missing data for these fields was higher among the cases.
While cases and controls had equal access to DOT support (Table II) , cases were more likely to have had a community health worker as a DOT supporter than controls (53% vs. 9%), and controls were more likely to have had a family member as a DOT supporter than cases (63% vs. 20%) (p-value < 0.05). The frequency of DOT support differed significantly between cases and controls, with a significantly greater proportion of controls (72%) receiving daily DOT support, compared to cases (64%). The reported HIV prevalence in cases was 44%, compared to 25% in controls (p-value < 0.05). Only 19% of cases were HIV-uninfected, compared to 62% of controls. More than a third of cases had unknown HIV status, compared to only 13% of controls. A higher proportion of cases (13%) were on ART than controls (3%).
There was a statistically significant difference in sputum smear conversion after two months, with 99% of cases remaining sputum smear-positive after two months of tuberculosis therapy, compared to controls being sputum smear-negative after two months.
A large proportion of cases (79%) had interrupted tuberculosis therapy for at least one month, with 20% of cases defaulting for two months, and 1% for three months. Lack of money was cited as the most common reason (98%) for treatment interruption, followed by ill health (68%). As per tuberculosis treatment guidelines, patients were tested for MDR-TB if they remained sputum smear-positive after two months of therapy. Fourteen per cent of cases were found to have MDR-TB.
More cases (99%) reported that they felt very or fairly ill during their treatment than controls (46%) ( Table II) . Cases (59%) also experienced more side-effects than controls (13%), with nausea being the most commonly reported side-effect. The distribution of hypertension, diabetes mellitus and arthritis was equal among cases and controls.
All cases and controls demonstrated adequate knowledge of at least four signs and symptoms of tuberculosis and mode of transmission, without being prompted. The vast majority of cases (95%) did not know the names of the tuberculosis drugs, even with prompting by the interviewer. There was unanimity among cases and controls with regard to how they perceived the care that they received from staff at the clinic they attended. All of the patients reported that they received good care from the staff at the clinic. None of the cases or controls reported feeling stigmatised because of their illness. Although a higher proportion of cases (33%) than controls (29%) had family members living with them who were also being treated for tuberculosis, this was not statistically significant.
The median distance travelled by cases to access a clinic was 16 km, compared to 4 km for controls. Consequently, the mean taxi fare was much higher for cases (R14) than for controls (R6). Cases were 16 times more likely to be unemployed than controls following multivariate analysis (95% CI: 6.7-37.8, p-value < 0.005). As distance from the home to the clinic increased by 1 km, the odds of treatment interruption increased 1.5 times (95% CI: 1.3-1.6, p-value < 0.005). Patients residing in a rural area had an OR of 14 (95% CI: 1.1-18) for treatment interruption, compared to patients in urban areas. Patients co-infected with HIV were twice as likely to interrupt treatment (OR 2.3, 95% CI: 1.1-4.7, p-value < 0.005). Being very or fairly ill during tuberculosis treatment also remained significantly associated with treatment interruption (OR 5, 95% CI: 2.1-11.9, p-value < 0.005).
Discussion
Numerous patient-related factors contribute to nonadherence to tuberculosis treatment. As found in other studies, 5-8 sex and age
were not associated with nonadherence. There have been conflicting results on the association between sex and nonadherence, with some studies in India, 8 Kenya 9 and South Africa 10 finding significantly better treatment outcomes in females. This finding has not been replicated in all populations, and even in South Africa, a study in Gauteng showed the opposite to be true. 11 This highlights the complexity of personal factors that contribute to treatment adherence. The large proportion of patients younger than 30 years of age is reflective of the high tuberculosis burden in young adults in uMgungundlovu Health District. Higher levels of education were found in controls, in keeping with studies carried out in China 6 and Nigeria. 11 The association between poor socio-economic status and nonadherence, as shown in studies in other countries, 12, 13 including South Africa, 14 was verified in this study. Poor patients lack basic resources for day-to-day survival. Distance to the clinic, combined with inability to pay for transport (or indeed, for any out-of-pocket expenses relating to health care) are likely consequences of poverty that lead to nonadherence. Use of alcohol, cigarettes and drugs are associated with many adverse health events, and it was not unexpected that these factors contributed to nonadherence. This association did not remain following multivariate analysis, and although the role of poverty in the use of alcohol and recreational drugs is complex and beyond the scope of this paper, it is conceivable that they both played a role to further undermine adherence in this study.
With HIV-associated tuberculosis co-infection exceeding 50% in South Africa, 15 the association between HIV-associated tuberculosis and nonadherence to tuberculosis therapy is likely to be strong as a large proportion of tuberculosis cases with unknown HIV status are expected to be living with HIV.
Conclusion
South Africa is struggling to meet both international and national tuberculosis goals. Nonadherence to tuberculosis therapy remains a challenge to addressing the burden of tuberculosis. Patients who do not adhere to their tuberculosis therapy correctly and consistently until the end of the treatment course are at increased risk of morbidity and mortality. In addition, these patients pose a transmission risk to their friends, family and community, thereby increasing the burden of tuberculosis. The link between tuberculosis and poverty cannot be ignored, and should feature more prominently in tuberculosis policies and programmes. As a first priority in South Africa, healthcare services in rural areas need to be made more accessible to poorer patients who cannot afford to access the clinic. This can be achieved by increasing the number of mobile clinics, the frequency of mobile clinic visits to each area, and possibly providing transport to indigent patients.
An expanded role for community care givers should be explored, since they are ideally placed to follow-up patients at ward level for early identification of defaulters and interrupters, and possibly also to deliver treatment to patients' homes. Other means of patient support, including nutritional and economic, should be more intensively explored for their effectiveness in improving tuberculosis outcomes, and should be more widely implemented if found to be effective. Potential for interventions, such as conditional cash transfers and economic incentives, has been demonstrated globally and in South Africa, but more research is necessary to show the effectiveness of different types of such support in the local context. [16] [17] [18] [19] Counselling for HIV must be ongoing, and awareness campaigns for rural communities should be improved and intensified. The use of traditional media, such as radio and community awareness campaigns, must continue, but new technologies, such as short message service (sms) and instant messaging to mobile phones should be used on a larger scale. Similarly, ongoing education about the importance of adhering to tuberculosis therapy must occur at every opportunity, using current methods as described herein, but also by harnessing new technologies which have shown promise. 20 
